Background: Efficacy and safety of platelet-rich plasma (PRP) compared with control for preventing postoperative bleeding after total knee arthroplasty (TKA) is controversial. We performed a meta-analysis of randomized controlled trials (RCTs) to determine whether PRP might reduce blood loss and improve function following TKA.
Introduction
Total knee arthroplasty (TKA) is a very successful surgical procedure used to treat end-stage knee osteoarthritis so that pain can be relieved and joint function restored. However, TKA can be associated with several complications including blood loss, pain, infection, wound complications, stiffness and deep vein thrombosis in the perioperative period. [1] Besides, any surgery transiently induces the fibrinolytic action, which is aggravated by the use of pneumatic tourniquet in TKA. [2] So, the resulting hyperfibrinolysis may further contribute to higher blood loss following TKA. Thus, many patients have lower postoperative Hb that usually results in allogeneic blood transfusion. However, blood transfusion can lead to serious complications and increased costs. [3, 4] Therefore, more effective and safer measures for reducing bleeding and bloodtransfusion requirements during and after TKA are needed. Various blood-preservation protocols, such as the application of PRP, tranexamic acid, and fibrin sealant, have been used to prevent blood loss and decrease the requirements of blood transfusion. [5] [6] [7] [8] [9] And there are numerous studies indicating the advantages of TXA and FS on reducing the blood loss after TKA, [8, 10] so our metaanalysis mainly concentrates on the effect of PRP.
PRP is plasma with a higher concentration of platelets than that found in blood. [11] PRP releases much more growth factors, thromboxane A2, thrombin, adenosine diphosphate, and several growth factors including platelet-derived growth factor and transforming growth factor-b, which attract more platelets to the wound site. A platelet plug is formed by these huge amounts of platelets, which enhance the inflammatory cascade and lead to hemostasis. [5, [11] [12] [13] [14] In 2000, for the first time, one study showed that autologous platelet gel played an important role in preventing postoperative blood loss when it was administrated during the postoperative period following implantation of prostheses. [15] After that, multiple studies have reported that the application of PRP during TKA could lead to decreased blood loss, less postoperative pain, and a shorter hospital stay. However, different conclusions have been reached by some scholars who have not found significant differences in preventing blood loss when applying PRP for TKA patients. Kuang et al's [16] meta-analysis indicates that autologous platelet gel (APG) has no effectiveness on blood loss, functional recovery, postoperative narcotics, and length of hospital stay; however, APG can reduce pain after TKA. Li et al [17] did not study the effect of PRP on reducing blood loss after TKA, indicating the conclusion on increasing the ROM after TKA in short term and long term. There is controversy over whether PRP leads to a safer and effective hemostatic effect after TKA. We conducted a meta-analysis of RCTs to ascertain whether PRP is superior to control in reducing postoperative blood loss for TKA patients.
Materials and methods
Ethical approval for this study was unnecessary because it was a review of existing literature and did not involve any handling of individual patient data.
Search strategy
This meta-analysis was carried out in accordance with the Preferred Reporting Items for Systematic Reviews and MetaAnalysis [10] reporting guidelines for the meta-analysis of intervention trials. PubMed, Medline, Embase, Web of Science, and the Cochrane Library were searched up to September 2016 for RCTs comparing PRP with control for reducing blood loss in patients undergoing primary unilateral TKA. The search terms were as follows: "platelet rich plasma" OR "PRP" OR "autologous platelet concentrate" OR "platelet gel" AND "knee arthroplasty" OR "knee replacement". No restrictions were imposed on language and publication status. The title and abstract of studies identified in the search were reviewed to exclude clearly irrelevant studies. Reference lists of all eligible studies and relevant reviews were searched manually for additional trials.
Inclusion criteria and study selection
We identified RCTs comparing PRP with control in patients undergoing primary unilateral TKA. The primary outcomes included total blood loss, Hb level, Hb drop, drain volume, and transfusion rate. Secondary outcomes included ROM, WOMAC scores, LOS, and postoperative complications (including wound healing disturbances/superficial infection). Articles that reported at least 1 outcome were included and those without the outcome measures of interest were excluded. Quasi-RCT or non-RCT, observational studies, letters, comments, editorials, and practice guidelines were excluded.
Data extraction and quality assessment
Two authors (JM and JS) independently reviewed all titles and abstracts of studies identified by searches according to the eligibility criteria described above. Full texts of articles that met the inclusion criteria were reviewed thoroughly. Disagreements were resolved by discussion to reach consensus. Data on patient characteristics (age, sex, and other baseline characteristics), intervention, and outcomes were extracted in duplicate by the 2 authors using a standardized form. Data in other forms (ie, median, interquartile range, and mean ± 95% confidence interval [CI]) were converted to mean ± SD according to the Cochrane Handbook. [18] If data were not reported numerically, we extracted them by manual measurements from published figures.
Two authors (JM and JS) independently assessed the risk of bias of the included studies, based on the following items: random sequence generation, allocation concealment, blinding, incomplete outcome data, selective outcome reporting, and other sources of bias. [18] Disagreement was resolved by the third author. The quality of evidence of outcomes was judged according to the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) [19] criteria. The 2 authors independently evaluated 5 factors (risk of bias, inconsistency, indirectness, imprecision, and publication bias) that may downgrade the quality level of evidence. The recommendation level of evidence was classified into 4 categories: high, moderate, low, or very low. [19] High-quality: further research is very unlikely to change our confidence in the estimate of effect; moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate; low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate; very low quality: we are very uncertain about the estimate.
Statistical analysis
All calculations were made using RevMan 5.3 software. Mean difference (MD) with a 95% CI was calculated for continuous data. Odds ratio (OR) or risk difference (RD) with 95% CI was calculated for dichotomous data. Heterogeneity among studies was estimated using the I 2 statistic; substantial heterogeneity was represented by I 2 > 50%. A fixed-effects model was used if the heterogeneity test did not reveal significance (I 2 < 50%; P > .1). Otherwise, we adopted the random-effects model. P < .05 was considered significant. Sensitivity analysis was performed to explore the impact of an individual study by deleting one study each time.
Results

Search results
The initial search yielded 102 citations, of which 91 were excluded owing to duplication. After screening the titles and abstracts and reading full text, 5 studies were excluded based on inclusion criteria. Finally, 6 studies [5, 14, [20] [21] [22] [23] involving 529 patients were eligible for data extraction and meta-analysis ( Fig. 1 ). Of these 529 patients, 208 patients belonged to the PRP group and 321 to the control group. Table 1 summarizes the characteristics of the 6 included RCTs, which were published between 2009 and 2016. Sample size of the studies was 21 to 315 patients. All of the trials involved primary unilateral TKA, and all patients were diagnosed with knee osteoarthritis except one study, [22] which included the patients with rheumatoid arthritis. All of the included studies were compared with blank control. Baseline characteristics between the two groups in each study were well matched. Two trials [5, 23] used spinal anesthesia, one trial [5] involved combined sciatic nerve and femoral nerve block, and the remaining trials did not mention the type of anesthesia used. A pneumatic tourniquet was applied in all the included studies except one study, [21] which did not report the use of a tourniquet. Two studies [14, 22] reported use of a drain during TKA, and no postoperative drains were applied in the other 4 studies. Two studies [5, 21] described an indication for transfusion associated with a fall in hemoglobin level or hematocrit and clinical symptoms. Variation in the amount of PRP used was noted. Thromboembolic complications such as deep vein thrombosis, pulmonary embolism, and venous thrombus embolism were reported in all studies except 1 study. [22] Outcome of units transfused was reported in 1 study, [5] which was not analyzed owing to insufficient data.
Study quality and GRADE of evidence
Risk of bias in the included studies and GRADE of evidence are shown in Fig. 2 and Table 2 , respectively. Among the included studies, 2 included studies [21, 23] were randomized by randomization table or computer-generated numbers, and the remaining studies did not report the method of random sequence generation. All studies reported allocation concealment using sealed envelope except 2 studies [22, 23] . We used the GRADE criteria to measure the strength of recommendations. The evidence quality for each outcome was mostly moderate.
Results of the meta-analysis
Calculated total blood loss
Data from 2 studies [22, 23] involving 355 patients were available to examine the calculated total blood loss assessed by the Gross formula. The formula was proven to be an accurate method. [24] The application of PRP in TKA had a significantly less calculated total blood loss than the control (MD = À98.11; 95% CI: À153.63 to À42.59, P = .0005) (Fig. 3, Table 2 ). There was no significant heterogeneity between studies (I 2 = 29%, P = .24).
Drainage volume
Two studies [14, 22] involving 355 patients reported the drainage volume after TKA. There was no significant difference in the drainage volume between the 2 groups (MD = À 38.73, 95% CI: À185.97 to 108.51, P = .61) with considerable heterogeneity (I 2 = 83%, P = .02) (Fig. 4, Table 2 ).
Hemoglobin level
Two studies [14, 21] involving 80 patients reported the Hb level on the first postoperative day (POD). Meta-analysis revealed no significant difference in hemoglobin levels between the 2 groups (MD = -0.18; 95% CI, -0.79 to -0.43, P = .01) on the POD 1. www.md-journal.com Table 1 Characteristics of the included studies. [21] 20/20 6/8 66.4/71.6 NR 20 mL of the patient's blood, centrifuged for 10 minutes at 1200 rpm at room temperature, and then the plasma was decanted into a 10-ml sterile tube, centrifuged again in the same machine at the same speed for 5 min PRP was applied to the entire exposed portion of the knee joint. [14] 20/20 14/13 67/66 Combined sciatic nerve and femoral nerve block Two 60-mL containers were filled with 54 mL of fresh whole blood and 6-mL citrate, centrifuged at 3200 rpm for 12 min
After implantation of the knee prosthesis, 11 mL of platelet gel was sprayed into the medial and lateral recessus, onto exposed cut bone surfaces, and into the fossa suprapatellaris. Consecutively, 11 mL of activated platelet-poor plasma was sprayed onto the capsule after closure of it, and onto the subcutis before closure of the wound. 
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There was no significant heterogeneity between studies (I 2 = 0%, P = .46) (Fig. 5, Table 2 ).
Hemoglobin drop
Two studies [20, 22] involving 388 patients reported the Hb drop on POD 1. The PRP group had a significantly lower Hb drop (MD = -0.34; 95% CI: -0.59 to -0.09, P = .008) on POD 1 after TKA. There was no significant heterogeneity between studies (I 2 = 0%, P = .47) (Fig. 6, Table 2 ).
Transfusion rate
Three studies [14, 21, 23] involving 120 patients were used to carry out a meta-analysis on the requirements of blood transfusion. Meta-analysis revealed no significant difference in transfusion rate between the 2 groups (RD = 0.00; 95% CI: À0.06 to 0.06; P = 1.00). There was no significant heterogeneity between studies (I 2 = 0%, P = 1.00) (Fig. 7, Table 2 ).
Range of motion
Five studies [5, 14, [20] [21] [22] with 489 patients reported range of motion (ROM) postoperatively at POD 2, POD 5, POD 7, POD 2W, and POD 6W. Meta-analysis revealed no significant difference in ROM between the PRP and control groups postoperatively at POD 2 (MD POD 2 = 0.80, 95% CI: À2.87 to 4.46, P = .67], POD 5 (MD POD 5 = 2.93, 95% CI: À0.60 to 6.46, P = .10), POD 7 (MD POD 7 = À1.64, 95% CI: À4.54 to 1.27, P = .27), POD 2W (MD POD 2W = À0.88, 95% CI: À3.70 to 1.94, P = .54), and 6W (MD POD 6W = 3.93, 95% CI: À5.17 to 13.02, P = .40) (Fig. 8, Table 2 ).
WOMAC score
Two studies [5, 20] with 94 patients reported WOMAC score postoperatively at POD 6W and POD 3M. There were no significant differences in WOMAC score between the 2 groups postoperatively at POD 6W (MD POD 6W = À2.78, 95% CI: À10.03 to 4.46, P = .45) and POD 3 M (MD POD 3M = À1.09, 95% CI: À8.72 to 6.54, P = .78) (Fig. 9, Table 2 ).
Length of hospital stay
Data were available from 2 studies [5, 14] involving 61 patients. The PRP group decreased the LOS than the control group (MD = À2.12; 95% CI: À3.47 to À0.76, P = .002) with moderate heterogeneity (I 2 = 58%, P = .13) (Fig. 10 , Table 2 ). 
Table 2
The GRADE evidence quality for each outcome. 
Postoperative complications
Four studies [14, 20, 21, 23] described complications such as wound healing disturbances, superficial infection, and hematoma. There was no significant difference observed in terms of any postoperative complications between the 2 groups (OR = 0.43; 95% CI: 0.17-1.10; P = .08). There was no evidence of heterogeneity between trials (I 2 = 5%, P = .37) (Fig. 11, Table 2 ).
Sensitivity analysis
Sensitivity analysis was performed to investigate the influence of a single study on the overall outcome estimate by omitting one study in each turn. Postoperative complications in the PRP group were significantly different from that in the control group when omitting anyone of the studies except Guerreiro et al. [21] The results of sensitivity analysis of other outcomes were not 
Discussion
To our knowledge, this is the first meta-analysis of RCTs comparing the efficacy and safety of PRP with control for reduction of blood loss after TKA. We found that the application of PRP for patients undergoing TKA reduced more calculated total blood loss and lowered Hb drop compared with control in the early postoperative period; however, there were no significant differences in the drain volume, Hb level, transfusion rate, ROM, and WOMAC scores between the 2 groups. Furthermore, the administration of PRP did not increase the risk of postoperative complications. PRP applied during TKA has been shown to be effective and safe in reducing blood loss and lowering Hb drop. Mochizuki et al [22] concluded that the administration of PRP significantly reduced postoperative blood loss and calculated total blood loss and significantly maintained lower decrease in Hb in patients undergoing TKA compared with the control group. Aggarwal et al [5] also revealed that a less decrease in Hb was found in the patients of APG group compared with the control group. Similar outcomes were found by 2 pieces of retrospective studies written by Gardner et al [13] and Berghoff et al, [12] which were not included in our meta-analysis. However, Morishita et al [23] did not find a significance in blood loss. Peerbooms et al [20] and Horstmann et al [14] revealed no statistically significant difference in lowering Hb drop. In our meta-analysis, we found blood loss and Hb drop on POD 1 after TKA in the PRP group to be significantly lower than those in the control group.
Postoperative bleeding may cause formation of hematomas and seromas resulting in pain, restricting the ROM, prolonging length of hospital stays. [25] Therefore, Minimizing the blood loss may avoid these condition, and we compared these indicators to assess the blood loss indirectly. Our meta-analysis revealed the PRP group may decrease length of hospital stay in patients undergoing a TKA compared with the control group. Aggarwal et al [5] found that the length of hospital stay in the APG group was 4 to 8 (mean 5.2) days compared with the control group with 6 to 11 (mean 7.9) days. Horstmann et al [14] found that the total length of hospital stay was 6.2 (1.4) days in the platelet gel group against 7.5 (3.1) days in the control group with 1.3 days shorter in the experimental group. These results are similar to the previous researches performed by Everts et al [25] and Gardner et al. [13] The shorter length of hospital stay could also save the hospitalization costs.
However, statistically significant differences were not found in drainage volume, Hb level, transfusion rate, ROM, WOMAC score, and complications between the 2 groups. Among the included studies, different kinds of drainage and different methods to calculate drainage volume were used, which may be the reason why PRP did not significantly reduce drainage volume compared with the control group. In addition, requirements of blood transfusion were associated with the hemoglobin level. Horstmann et al [14] and Guerreiro et al [21] revealed that there was no significant difference in postoperative hemoglobin level, so was transfusion rate, the possible reason of which may be the small number of patients. Even though Aggarwal et al [5] indicated clearly that APG group had increased ROM on POD5, at 6 weeks, and 12 weeks and lower WOMAC scores at 6 and 3 months, respectively than the control group, our meta-analysis did not found that the WOMAC score and ROM in the PRP group significantly differed from that in the control group.
We found that administration of PRP for patients undergoing TKA did not increase the occurrence of complications compared with the control group and then may shorten the period of hospitalization. Moreover, PRP with high concentrations of immune cell could act as antibacterial agents, inhibiting inflammatory response. [26] Most of the observed heterogeneity appeared to be attributed to clinical practice or methodology of the trial. The use of drainage and the way each experiment applied PRP may resulted in the high risk of the inaccurate outcomes but subgroup analyses based on the number of participants were not carried out owing to the insufficient data required for further confirmation. There are 4 main limitations in our meta-analysis. First, we included only studies written in English, so some relevant studies in other languages may have been missed. Second, only 6 reports were included, and the sample size of each study was small, which limited the statistical power of our meta-analysis. Third, the variation of the doses of PRP among the studies might also be a problem. Finally, outcomes of hidden blood loss, cost, and postoperative swelling were not analyzed owing to insufficient data. Hence, further research into the comparative efficacy and complications between the application of PRP and control for blood preservation during TKA is required.
Conclusion
The application of PRP has significant effect in reducing postoperative blood loss and lowering Hb drop without increasing the risk of postoperative complications compared with the control for blood management in patients undergoing TKA. No significant differences were seen in the drain volume, Hb level, transfusion rate, ROM, and WOMAC scores between the 2 groups. However, owing to the limitations in the included studies, more large-sample and high-quality clinical trials and systemic reviews are needed in the future to demonstrate the efficacy and safety of PRP applied in TKA.
